The knowledge about the long-term growth of very preterm children in relation to gestational age at birth is incomplete. Therefore, a retrospective study of longitudinal growth from birth to 7 y of age in 52 of 56 surviving children who were born at a gestational age of Ͻ29 wk between 1988 and 1991 to mothers resident in the city of Göteborg, Sweden, was performed. A majority of the children had an initial decrease in weight during the first months of life, followed by an increase, with a maximum weight gain occurring at 36 -40 wk postmenstrual age. After a period of decreased weight and length velocity, a second increase in weight velocity was demonstrated from 6 mo to 2 y of corrected age. A corresponding increase in length velocity was found from 2 to 12 mo of corrected age. A later catch-up growth period was found at 4-5 y of age. At 7 y of age, all but two had reached the normal height range of the population. This long-term catch-up in height was established later in those who were born at an earlier gestational age. We conclude that all preterm infants had an initial period of poor growth, which rendered them growth retarded during the first years of life. It took approximately 4-7 y to overcome what the very preterm child lost in growth during the first months of life. However, as a group, they did reach normal height, weight, and weight for height before puberty. The past decades have seen an ongoing improvement in perinatal and neonatal intensive care that has resulted in an increasing number of infants' surviving after being born very immature. In the literature, this group is often referred to as very low birth weight infants, i.e. a birth weight of 1500 g or less. It is important to understand that very low birth weight infants represent a heterogeneous group of newborns that includes preterm infants who have a weight that is normal for gestational age (GA) but also more mature growth-retarded infants (1) . Ongoing changes in the treatment of these infants have made this population a difficult group for follow-up studies. So far, there are only a few follow-up studies of longitudinal growth until school age in children with a low birth weight in relation to GA. However, a follow-up study of children with a low birth weight independent of GA, up to the age of 8 y, demonstrated that these children had a subnormal weight as well as subnormal height development compared with children of normal birth weight at a comparable age. In addition, they needed a longer time for catch-up growth (2) . In that study, no account was taken of differences in GA.
During the past decade, several studies have pointed out the relationship among low birth weight, postnatal growth, and morbidity and mortality as a result of cardiovascular disease (3) (4) (5) , as well as disturbances in cognitive function in later life (6) . Hence, it seems to be important to study the long-term growth of infants who are born very immature to define the growth of children who have had an early interruption of their intrauterine life. Therefore, we conducted a study with the aim to characterize longitudinal growth in a population-based group of preterm children who were born at a GA of Ͻ29 wk.
METHODS
Characteristics and selection of study group. All surviving children (n ϭ 56) who were born at a GA of Ͻ29 wk between 1988 and 1991 to mothers resident in the city of Göteborg were invited to participate in a retrospective study of longitudinal growth at the Göteborg Pediatric Growth Research Center, The Queen Silvia Children's Hospital. Two children could not be contacted, and two did not agree to participate. Thus, 52 children were included in the study (31 boys and 21 girls) with a GA ranging from 24ϩ0 to 28ϩ6 wk. The number of children and their weight at each GA are presented in Table 1 . The children were followed to at least the age of 7 y, except for one girl, who was followed until 3 y of age. Three of the 52 children (two girls and one boy) who were on GH treatment at the time of the study were included only until the start of therapy (2 y and 10 mo, 3 y and 8 mo, and 4 y and 10 mo of corrected age).
The group included four pairs of twins. All infants were without any obvious chromosomal aberrations or other major malformations. Thirty (53.6%) of the infants where delivered by cesarean section. The morbidity variables for the included children are presented in Table 2 . Fifty-one of the children in this study were previously included in an ophthalmologic study of visual function in very preterm children (7) .
Data collection. The time of the mother's last menstrual period was recorded, and GA was estimated by fetal ultrasonography, performed at week 17 of gestation. The fetal ultrasonographic data were used to determine the GA at birth in all cases except one, in whom an ultrasonographic examination was not performed.
Data regarding GA, weight, and length at birth and growth measurements later in life were collected from hospital files, child health care units, and schools. The ages at the time of measurement were corrected for GA. Corrected age therefore means the age the child would have had if born at 40 wk of GA. In the majority of infants, measurements were performed monthly from discharge to 6 mo of corrected age and thereafter at 10, 12, and 18 mo of age and then yearly. Parents were asked to report their current height.
Measuring technique. Trained nurses at the neonatal intensive care unit measured weight at birth. Thereafter, weight was measured and recorded repeatedly until discharge from hospital, which, in most cases, coincided with an age corresponding to 40 wk postmenstrual age. Length was not regularly measured (because of clinical practice) before the child was close to being discharged. After the hospital period, skilled personnel measured both weight and length during health checks either at the hospital or at child health care units. From 6 to 7 y of age, trained school nurses took the measurements. Height was measured as supine length on a measuring board until the child could stand unaided at approximately 2 y of age, when measurements were made using a stadiometer attached to the wall.
Growth data. Reference data based on estimated fetal weight were used (8) . These values are in agreement with reference data currently being developed based on Swedish infants born preterm (9) .
From 40 wk of gestation to 7 y of age, the official Swedish growth chart has been used (10) . The midparental heights of the children included in the reference material have been used for comparison in the present study (11) .
For determining weight and length/height at predefined exact corrected ages, four-degree polynomial curves were fitted for each child and variable. Interpolated values were then calculated for the predefined ages. SD scores (SDS) were calculated using the references. The SDS is determined as (mean-actual value)/SD. Midparental height was calculated as the mean of both parents, SDS. ⌬SDS was then calculated for each infant as the change in SDS for the predefined periods.
Statistical analysis. The SAS (6.12) package for a personal computer was used for calculation of polynomial models, means, regression lines with 95% confidence limits, and linear multiple regression.
Ethical approval. The Ethical Committee at the Medical Faculty, Göteborg University, approved the study. Written informed consent was obtained from the parents.
RESULTS
Weight from birth to 40 gestational wk. No differences were found as a result of sex, and there was no correlation between weight SDS at birth and parental size.
The most immature infants (GA 24 -25 wk), according to the reference material, all were born within the normal weight range. Among the children who were born with a GA above 26 wk, three children were born small for gestational age, i.e. ϽϪ2 SDS in weight.
After birth, a majority of the 52 infants demonstrated a typical sinusoidal curve regarding change in weight SDS to 40 wk postmenstrual age (Table 3) . Initially, an immediate marked drop was demonstrated during the first month of life, with a tendency for the greatest loss among the most immature infants. After a transition period, a significant and continuous catch-up growth was seen until 40 wk postmenstrual age. Infants who were born at 28 wk of gestation had a normal weight at 40 wk corrected age (mean SDS ϭ 0.25) in contrast to infants who were born before 27 wk of gestation (Table 4) . Table 5 shows the individual SDS changes during predefined periods (no difference between different Gas; data not shown). In a majority of the children (41 of 52), the negative values from the 32-to 36-wk period were followed by a catch-up growth until estimated normal term (i.e. 40 wk postmenstrual age) Weight from 40 wk of gestation to 7 y of age. After 40 wk (postmenstrual age), mean weight SDS decreased to approximately Ϫ1.7 SDS for the total group and to approximately Ϫ1.4 SDS for the 28 wk subgroup (Tables 3 and 4 ). The individual changes in SDS (⌬SDS) were negative until 6 mo of corrected age (Table 5 ). Between 6 mo and 2 y of age, ⌬SDS indicated catch-up growth. This catch-up growth was also seen during the age period of 4 -6 y. In the period between 2-4 y and 6 -7 y, no such shift in SDS was found. Mean and upper confidence limits of the mean below reference ϭ 0 are indicated in bold. Separate 95% confidence intervals for the means (comparison with 28 wk of gestation) are indicated by italics. Decreasing number (n) as a result of excluded GH-treated children.
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During the "early" weight catch-up period (up to 40 wk postmenstrual age), 23 of 52 infants reached their birth weight SDS and 27 of 52 infants achieved a positive weight SDS, although 10 infants were below Ϫ2 SDS in weight at this age. At 7 y of age, three children had a weight below Ϫ2 SDS and six were above 2 SDS. Mean SDS for the total group was then close to zero (Ϫ0.02).
Three (8%) of the 36 children (one child with GH substitution included) who were born in gestational weeks 27-28 were ϽϪ2 SDS in weight at 4 y of age, whereas 5 (33%) of the 16 children (one child with GH substitution included) who were born in gestational weeks 24 -26 were ϽϪ2 SDS in weight at 4 y of age.
Length/height from 40 wk of gestation to 7 y of age. Length was not regularly measured (because of clinical practice) before the child was close to being discharged. At 40 wk of GA, 13 of 52 infants were ϽϪ2 SDS in length. A length below Ϫ2 SDS was more commonly seen among the most immature infants, of whom 9 (56%) of the 16 children who were born in gestational weeks 24 -26, compared with 4 (11%) of the 36 children who were born in gestational weeks 27-28, had a length below Ϫ2 SDS at 40 wk (Tables 6 and 7) . Mean length SDS for the total group was Ϫ1.08. At 3 mo of corrected age, the corresponding mean value was Ϫ1.88 SDS. At 7 y of corrected age, the total group mean SDS was close to normal (0.09). Multiple regression revealed that length SDS at 40 wk postmenstrual age could be explained by 51% as a result of weight SDS at birth and GA and partly to sex (R 2 ϭ 0.506, p Ͻ 0.001). The father's and/or mother's size had no influence. Corresponding values for weight SDS was 37% only. At 2 y of age, 10 of the children still remained below Ϫ2 SDS in height, and at 7 y of age, two children were below Ϫ2 SDS, whereas three children were above 2 SDS. The three tall infants all were born at 28 wk of GA.
In agreement with the gain in weight, height recovery was more rapid among the children who were born in the later gestational weeks (27) (28) . For example, the upper 95% confidence limit was below the lower 95% confidence limit for infants who were born before 27 wk of gestation at 1, 2, and 3 mo of corrected age, as indicated by italics in Table 7 . The time pattern is even better demonstrated in Table 8 , showing a linear catch-up growth in two separate periods. Although ⌬SDS for weight was negative, ⌬SDS for length was positive already at 3-6 mo and peaked at 6 -12 mo of age. At 4 -6 y of age, the second linear catch-up growth period occurred. Three (8%) of the 36 children (one child with GH substitution included) who ⌬SDS ϭ 0 indicates no change in SDS during the given period (no "channel growth" change). Mean, upper, and lower 95% confidence interval of the mean and min, max are given. Mean and upper confidence limits of the mean below reference ϭ 0 indicated in bold.
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were born in gestational weeks 27-28 were ϽϪ2 SDS in length at 4 y of age, whereas 2 (12%) of the 16 children (one child with GH substitution included) who were born in gestational weeks 24 -26 were ϽϪ2SDS in length at 4 y of age.
Multiple regression revealed that height SDS at 7 y of corrected age could be explained by only the father's height (R 2 ϭ 33%, p Ͻ 0.001), by the father's height and the infant's length SDS at 40 wk postmenstrual age (R 2 ϭ 47%, p Ͻ 0.001), and by the father's height together with the infant's length at 1 y of corrected age (R 2 ϭ 63%, p Ͻ 0.001). The mother's height, GA, sex, and weight SDS at birth had no further influence in the model.
Relationship between weight and height. At approximately 40 wk postmenstrual age, the children had a higher weight SDS than length SDS, although this "chubbiness" at term was followed by a tendency toward leanness during childhood, normalizing at 7 y of age (Tables 3 and 6) .
Among the six children who were above 2 SDS in weight at 7 y of age, two children were proportional according to weight for height with a difference of Ͻ0.70 SDS. The other four were obese, having a weight above 1.5 SDS in comparison with their height.
Correction for parental height. Standard correction performed for height in SDS, i.e. using midparental height SDS as the correction factor, produces little influence at the group level; large changes can be seen for some individuals. In all, 27 children were corrected to a more normal score (SDS closer to zero), and 17 became more deviant from zero after correction.
DISCUSSION
It takes the very preterm child up to 7 y to catch up what is lost in weight and length during the first months of extrauterine life, as shown in the present study. However, nearly all children were close to normal in height and weight when they started school.
All infants had a marked drop in weight during the first weeks of life, and this was more pronounced in the most immature infants. Thereafter, a low weight gain was maintained for several weeks. Thus, at the time of discharge from the hospital, at an age corresponding to approximately 40 gestational wk, most infants had a lower weight than expected from their birth weight. In addition, they were shorter than could have been anticipated from their weight. Gill et al. (12) described a similar weight loss during the premature child's first weeks of life. It has also been demonstrated that children who were born between 24 and 29 wk of gestation had not achieved the median birth weight of reference fetuses with similar postmenstrual age. However, no follow-up after discharge from the hospital was presented (13) . We showed that Bold figures indicate negative ⌬SDS for weight. Italics indicative positive ⌬SDS. Age and period are corrected age. 95% confidence intervals of the mean are given. ⌬SDS ϭ 0 indicates no change in SDS during the given period (no "channel growth" change).
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the children who were born very prematurely, as a group, remained growth retarded during the first years of life, with regard to both weight and length.
The study group is a cohort of children from the beginning of a new medical era. We think that the group is representative for its time period. Because of changing treatment regimens and epidemiology, growth patterns in very preterm infants who were born at a later time period need to be evaluated.
Our results are in agreement with other studies that suggest that children who are born very prematurely but at an appropriate weight for GA at birth have a growth spurt between 5 and 8 y of age (14, 15) . Approximately 90% of the children in the present study were within the normal range regarding weight and height at school age. It has been shown that children who are born preterm may experience catch-up growth even into their teens (16) . However, these studies have not described any differences in the growth pattern and time for catch up as a result of GA, as in our study with a longer time lag in the more immature groups.
Earlier studies have shown that children who were born at term but small for gestational age showed catch-up growth as early as 12 wk of postnatal age and that most of the total catch-up in height can be achieved by 2 mo of age (17) . This growth pattern differs from that of infants who are born very prematurely, who take a much longer time to catch up, as demonstrated in our study. It is difficult to analyze growth in cohorts of infants categorized only by birth weight, without considering the GA. Depending on whether correction is made for GA, significant differences in interpretation of the growth pattern may be obtained. We found that most children reached their genetic potential based on the average height of the parents. These findings are in accordance with those of other groups, indicating that heredity is the major factor for growth up to at least the age of 8 y, in fact even more important than the prematurity itself (14, 16) . Surprisingly, we found that only the height of the fathers had influence on the height obtained at 7 y of age. The preterm infants in our study were heavy for their length from 40 wk postconception until 3-4 mo of age. After this time, the children lost weight relative to height and became lean but normalized their body proportions before 7 y of age. If only the child's weight were followed, then the catch-up growth at the time when the infants were ready to leave the hospital would probably be overestimated. It is also noteworthy that being born very prematurely will not protect from being overweight at 7 y, as four children had a weight SDS Ͼ1.5 above their height SDS.
The present study indicates the need to monitor linear growth in early life, especially as simple techniques are now available, allowing accurate estimation of the growth of the lower leg (18 -21) .
Growth from birth to maturity has been described as occurring in three additive phases: infancy, childhood, and puberty, i.e. the ICP-model (22) . The infancy phase starts in midgestation and continues in a similar pattern during the first months after birth. Thereafter. it rapidly decreases and ends at approximately 4 y of age. The onset of the second growth period, the childhood phase, normally occurs during the second half of the first postnatal year and is characterized by an increase in height gain. Our study clearly shows a distinct linear catch-up growth starting at the same time as the childhood component in the ICP model, if age corrected for GA is used. It may be speculated that preterm birth disturbs the normal regulation of the infancy growth period, resulting in a poor growth outcome during the first years, whereas the childhood growth period remains normal.
The last trimester is a critical developmental period. Studies on survivors of the Dutch famine have demonstrated that metabolic and cardiovascular outcome is dependent on the timing of malnutrition during fetal life (23, 24) . Malnutrition in the last trimester resulted in decreased glucose tolerance later in life (25) . As the preterm children in the present study were growth retarded during a postnatal period corresponding to the last trimester, it may be speculated that these children have the same risk for late sequelae as the children with intrauterine growth retardation. During the past decade, several studies have shown a relationship among low birth weight and postnatal growth, morbidity and mortality from cardiovascular disease, and metabolic changes such as increased insulin resistance and impaired glucose tolerance (5, 26 -28) . It has been shown that a low birth weight in combination with accelerated weight gain during childhood is associated with the highest risk ratio for cardiovascular disease later in life (5, 29) . These studies did not specify children who were born very preterm, a group with a dramatic improvement in survival during the past decades. It may be speculated that the extrauterine growth retardation, as seen in the present group of children who were born very prematurely, is associated with the same risks as intrauterine growth retardation in full-term children, with regard to morbidity in adult life.
